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英文缩写 英文全称 中文名称 
3’UTR 3’ untranslated region 3’端非翻译区 
Bcl-xL B-cell lymphoma 2-like protein 1 
抗凋亡蛋白 B 细胞淋巴
瘤-2 样蛋白 1 
C/EBP-β CCAAT/enhancer-binding protein-β 
CCAAT 增强子结合蛋白
-β 
CCK-8 cell counting kit-8 细胞计数试剂盒-8 
CDK cyclin-dependent kinase 细胞周期依赖激酶 
cDNA complementary DNA 互补 cDNA 
ceRNA competing endogenous RNA 竞争性内源性 RNA 
ChIP chromatin immunoprecipitation 染色质免疫共沉淀 
circRNA circular RNA 环状 RNA 
CREB cAMP response element binding protein cAMP 反应原件结合蛋白 
DNMTs DNA methyltransferases DNA 甲基转移酶 
EMT Epithelial Mesenchymal Transition 上皮间质转化 
GFP green fluorescent protein 绿色荧光蛋白 
H2AK119ub1 Histone H2A lysine 119 trimethylation 
组蛋白 H2A 第 119 位赖
氨酸泛素化 
H3K27me3 Histone H3 lysine 27 trimethylation 
组蛋白H3第 27位赖氨酸
三甲基化 
H3K4me3 Histone H3 lysine 4 trimethylation 
组蛋白 H3 第 4 位赖氨酸
三甲基化 
HATs histone acetyltransferases 组蛋白乙酰基转移酶 
HBV hepatic B virus 乙型肝炎病毒 

















HDACs histone deacetylases 组蛋白去乙酰化酶 
HE hematoxylin-eosin staining 苏木精-伊红染色 
HNF hepatocyte nuclear factor 肝细胞核因子 
IGF2BP1 IGF2 mRNA-binding protein 1 IGF2 mRNA 结合蛋白 1 
IL-11 interleukin-11 白介素-11 





lncRNA long noncoding RNA 长链非编码 RNA 
MDR multidrug resistance 多重耐药 
MECP2 methyl CpG binding protein 2 甲基 CpG 结合蛋白 2 
miRNA microRNA 微小 RNA 
MMPs matrix metalloproteinases 基质金属蛋白酶 
MREs miRNA response elements miRNA 响应元件 
mRNA messenger RNA 信使 RNA 
ncRNA noncoding RNA 非编码 RNA 
NF-κB nuclear factor-κB 核因子-κB 
OD optical density 光密度 
ORF open reading frame 开放阅读框架 
PAGE polyacrylamide geleletrophoresis 聚丙烯酰氨凝胶电泳 
PBS phosphate buffered saline 磷酸盐缓冲液 
PcG Polycomb group Proteins 多硫蛋白 

















PGK1 phosphoglycerate kinase 1 磷酸甘油酸激酶 1 
P-gp P-glycoprotein, P 糖蛋白 
PRC1 polycomb repressive complex 1 多梳蛋白抑制复合体 1 
PRC2 polycomb repressive complex 2 多梳蛋白抑制复合体 2 
qPCR 
quantitive Real-time polymerase chain 
reaction 
实时荧光定量 PCR 
RACE rapid amplification of cDNA ends cDNA 末端快速扩增 
RIP RNA immunoprecipitation RNA 免疫共沉淀 
SDS sodium dodecyl dulfonate 十二烷基磺酸钠 
SRA steroid receptor RNA activator 
类固醇受体 RNA 激活蛋
白 
TCF4 T cell factor-4 T 细胞因子 4 
TGF-β transforming groth factor-β 转化生长因子-β 
TIMP-3 inhibitor of matrix metalloproteinase 3 
基质金属蛋白酶组织抑
制因子-3 
TSGs tumor suppressor genes 抑癌基因 
WB Western Blot 蛋白印记 




































lncRNA，命名为 HCAL（hepatocellular carcinoma associated lncRNA），探讨 HCAL 在肝
癌发生发展中发挥的作用及分子机制，从而丰富 lncRNA 在肝癌中的分子网络，为日后
以 lncRNA 为靶点的临床分子治疗提供理论依据。 
【方法】 
1. 我们利用 lncRNA 表达谱联合 mRNA 表达谱芯片分析 6 例肝癌病人的癌组织及
癌旁组织的 lncRNA 和 mRNA 表达情况，从表达水平、lncRNA 类型、CNC 共表达网络
等方面筛选差异表达的 lncRNA，再利用荧光定量 PCR（qPCR）验证差异表达的 lncRNA，
最后明确 HCAL 为研究对象。 


















3. 利用慢病毒 shRNA 系统，构建干扰 HCAL 的稳定细胞系，通过 CCK-8、克隆形
成、凋亡实验、细胞周期实验、Transwell 实验、裸鼠荷瘤模型等体内外实验，检测 HCAL
对肝癌细胞恶性表型的影响。 
4. 利用测序的方法检测 HCAL 的下游基因，并通过 qPCR 验证，KEGG 通路富集
分析其下游基因，并筛选下游靶基因。 
5. 利用 qPCR、核质分离、RNA 免疫共沉淀、双荧光素酶报告基因、RNA 稳定性
实验等，探讨 HCAL 调控 LAPTM4B 表达的分子机制。 
【结果】 
1. 通过芯片检测，发现总共 2667 条 lncRNA 差异表达，约占 lncRNA 总数的 8.8%，
其中上调的 lncRNA 有 898 条，下调的 lncRNA 有 1769 条。通过构建 CNC 共表达网络，
我们发现其中 1 条 lncRNA（GeneSymbol：RP11-21I10.2），在肝癌中高表达（上调 13.86
倍），能形成高比例的蛋白编码 RNA 共表达网络，命名为 HCAL。 
2.在 86.9%的癌组织中 HCAL 的表达显著高于癌旁组织，HCAL 的表达与性别、肿
瘤分化程度和血管癌栓相关，HCAL 的高表达与病人不良预后相关。 
3. 体外功能实验发现，干扰 HCAL 表达可以抑制肝癌细胞的增殖和迁移侵袭能力，
促进细胞凋亡，而对细胞周期无明显影响。体内实验也证实，干扰 HCAL 表达可以抑
制肿瘤的生长，以及肝内转移和肺转移。 
4. 表达谱测序结果显示，HCAL 调控的基因主要富集在 P53 通路、肿瘤通路、MAPK
通路、TGF-β 通路等肿瘤相关通路。 
5. LAPTM4B 是 HCAL 的下游靶基因。HCAL 作为 LAPTM4B 的 ceRNA，竞争结
合 miR-15a、miR-196a、miR-196b 等 microRNA，调控 LAPTM4B 的表达。 
6. HCAL 通过调控 LAPTM4B 表达促进肝癌细胞增殖和迁移侵袭。 
【结论】 
1. 我们新发现并鉴定了一个功能性的 lncRNA HCAL，其在肝癌中显著高表达，
HCAL 的表达与肝癌的病理特征及不良预后相关。 
2. 干扰 HCAL 表达能抑制肝癌细胞的生长和转移，提示 HCAL 具有癌基因的功能。 






































Primary liver cancer is one of the most common cancers in the world, and leads to the 
second morbidity and mortality ranking in China. Most common type of primary liver cancer 
is hepatocellular carcinoma (HCC). Despite of the advancements of diagnosis, surgery, 
radiotherapy and chemotherapy of HCC, the prognosis of patients with HCC is still poor. 
Recently, more and more molecular biological studies have proved that the occurrence and 
progression of HCC is accompanied with dysregulation of molecular expression and signal 
pathway. Therefore, studies on progression and metastasis of HCC at the molecular level will 
be helpful for finding out the biological markers of early diagnosis and prognosis. 
Long noncoding RNA (lncRNA) is defined as transcripts greater than 200 nucleotides in 
length without protein-coding function, which used to be taken as “transcriptional noise”. 
However, emerging evidences suggest that lncRNAs play pivotal role in multiple biological 
functions, including epigenetic modification, transcriptional regulation, post-transcriptional 
regulation, protein modification and so on. Previous studies mainly focus on the functions 
and mechanisms of protein-coding genes in HCC. The mechanisms involving lncRNAs in 
HCC remain unclear. In the present study, we used microarray to analysis the lncRNA 
profiles of cancerous and adjacent cancerous tissues, and screened out the potential functional 
lncRNA by using bioinformatics prediction, and then investigates the role of this lncRNA in 
HCC. 
【Aims】 
The aim of the present study is to analysis the abnormal expression of lncRNA by 
comparing the lncRNA profiles between cancerous and adjacent cancerous tissues and 
identify a new functional lncRNA, termed HCAL (hepatocellular carcinoma associated 
lncRNA), and then investigate the functions, molecular mechanisms and clinical significance 


















1. The lncRNA and mRNA expression profiles of cancerous and adjacent cancerous tissues 
from 6 HCC patients were detected by microarray. We screened out the potential lncRNA 
according to the expression level, the type of lncRNA and construction of CNC coexpression 
network. We confirmed the results of microarray by quantitative Real-time PCR (qPCR) and 
chose HCAL for further study. 
2. The HCAL expression of cancerous and adjacent cancerous tissues from 84 HCC 
patients was detected by qPCR. The association of HCAL expression with clinicopathological 
data and prognosis was explored. 
3. The stable HCC cell lines with knockdown HCAL were constructed by lentivirus 
shRNA expressing system. We used CCK-8, colony formation, apoptosis, cell cycle, 
transwell and subcutaneous xenografting assays to determine the function of HCAL on HCC 
malignant phenotypes.  
4. We detected the target genes of HCAL by using RNA sequencing and confirmed the 
results by qPCR. 
5. We investigated the underlying molecular mechanisms by which HCAL regulated 
LAPTM4B expression by qPCR, isolation of nucleus and cytoplasm, RNA 
immunoprecipitation, dual-luciferase reporter and RNA stability assays. 
【Results】 
1. From the microarray detection, we found that 2667 lncRNAs were aberrantly expressed 
in HCC samples, accounting for 8.8%. Among these lncRNAs, 898 lncRNAs were 
up-regulated, while 1769 lncRNAs were down-regulated. A lncRNA (GeneSymbol：
RP11-21I10.2), termed HCAL (hepatocellular carcinoma associated lncRNA), was 
significantly up-regulated (fold change: 13.86), which have a high rate of protein-coding 
RNAs in the HCC coexpression network.  
2. The expression of HCAL in cancerous tissues was significantly higher than that in 
adjacent cancerous tissues. The HCAL expression was associated with sex, tumor 
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